Background: The objective of this study was to review the outcomes of patients who underwent one-bone forearm (OBF) reconstruction. Methods: A retrospective review of patients who underwent OBF surgery between 1994 and 2014 was undertaken. Patient demographics, etiology, associated injuries, number of surgeries prior to OBF surgery, surgical details, and postoperative information were collected. A telephone interview was conducted at final follow-up, including a Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH) questionnaire, a 10-point scoring system used by Peterson et al, and a series of questions concerning pain and patient satisfaction. Results: There were 6 males and 2 females with a mean age of 44 years (range, 20-66 years). All patients had traumatic etiology, with 6 having open wounds and 2 having closed wounds. All patients had union with a mean follow-up of 83.6 months (range, 16-218 months). The mean pain score was 3 (range, 0-8), of which 3 were painless (score 0). The mean QuickDASH score was 39 (range, 7-75), and 4 patients had good or excellent results according to the 10-point score system used by Peterson et al. All patients were satisfied with the result. Five of 8 had complications related to soft tissues that were residual from their prior injuries and surgeries. One patient had post healing fracture requiring revision fixation and 1 had a postoperative infection requiring parenteral antibiotics. Conclusions: OBF surgery is an effective salvage procedure for complicated forearm instability, particularly after trauma. While union rates are high, complications are typically related to pain and soft tissue secondary to the previous injury and reconstructive procedures.
Introduction
The one-bone forearm (OBF) procedure was described in 1921 by Hey-Groves 7 and subsequently by other authors 3, 10, 12, 15, 17 as a salvage procedure for severe forearm instabilities, typically after unsuccessful attempts to provide forearm stability. Such instability may be caused by trauma, tumor, congenital abnormalities, or infection. 1, 5, 6, 9, 11, 13, 16 The goals of OBF surgery are to provide stability to the forearm and minimize pain, by making a stable bony bridge between the elbow and the wrist. Despite its description in 1921, there has been no consensus regarding the indications or optimal surgical technique. A variety of techniques has been described with different methods of fixation. 1, 3, 12 The etiology of forearm instability ranges from traumatic instability, distal radioulnar stability, instability secondary to infection, or instability after oncologic resection. 1, 5, 6, 9, 11, 13, 16 Due to the multiple etiologies as well as multiple techniques and patient characteristics, outcomes have not been predictable and have been difficult to critically evaluate. Nearly 2 decades ago, a 19 patient series by the Mayo Clinic group 14 described mostly good clinical results in patients who had OBF between 1973 and 1991. The authors concluded that the OBF surgery is a good salvage procedure despite its high complication rates in traumatic patients. 14 To evaluate current outcomes of OBF surgery using validated outcomes measures, we present our experience with patients with traumatic etiology of forearm instability.
Materials and Methods
A retrospective study investigating the outcome of patients that had undergone OBF reconstructions secondary to traumatic instability between January 1994 and January 2014 of the forearm was undertaken at a single institution after institutional review board approval. The study consisted of 2 parts: first, patient information was reviewed using the institutional database; then, patients were contacted via telephone and an interview consisting of a verbal Quick Disabilities of the Arm, Shoulder and Hand (QuickDASH) questionnaire 2 and a series of questions concerning pain and patient satisfaction was applied.
The inclusion criteria included having an OBF reconstruction with information available through the digital institutional patient database. Patients were excluded if they had OBF reconstructions secondary to oncologic reconstructions, congenital reconstructions, or if they were unwilling to participate in the study. Data collected included patient demographic information, etiology of the injury, associated injuries, number of operations prior to OBF surgery, information regarding surgical technique (approach, location of fusion, fixation technique, use of bone graft, position of fusion), time to union, and follow-up duration. The telephone interview consisted of 6 parts, applied by an independent individual, not related to the care of the patient: a QuickDASH questionnaire 2 ; pain score of 0-10 (0: no pain; 10: worst pain); patient satisfaction 0-10 (0: not satisfied at all; 10: very satisfied); use of pain medication and if it was for OBF surgery; if patient returned to former occupation; and the 10-point scoring system used by Peterson et al 14 (functional capability, pain, union) ( Table 1) . Union for the 10-point scoring system was defined as description of radiographic union by the institutional radiologist. Complications were also recorded.
Results
Patient records were reviewed and 24 patients were identified as having undergone OBF surgery during the period of 1994 to 2014. Two patients were excluded because of death, and 22 patients were identified as eligible for telephone interview. Fourteen patients were lost to follow-up or refused to participate in the study. Eight patients agreed to participate. There were 6 males and 2 females, with a mean age of 44 years (range, 20-66 years).
All 8 patients had a traumatic etiology: 2 elbow fracture dislocations, 1 elbow fracture (fracture of the humerus, ulna and radius), 1 gunshot wound to the forearm, and 4 nonunions of radius fractures ( Figure 1) . Six had open injuries and 2 had closed injuries. The mean number of operations before the OBF surgery was 7.2 (range, 1-20). Two patients had no associated injuries, 3 had associated neurological injuries, 1 had neurovascular injury, and 2 had neurovascular and tendon injuries. Patient information is shown in Table 2 .
A variety of techniques was used for the OBF surgery, as shown in Table 3 . The middle third of the forearm was the most common location of fixation (6 patients) and 1 was fixed in the proximal third and 1 in the distal third ( Figure 2 ). Fixation technique varied and all but 1 patient had autograft bone graft. Three patients were grafted with only cancellous bone graft, 2 with cortical and cancellous bone graft, 1 with vascularized free fibula and cancellous bone graft, and 1 with only vascularized free fibula. Four patients were fused in the neutral position and 4 in slight pronation ( Table 3 .)
The mean duration of follow-up was 83.6 months (range, 16-218 months). All patients had bone union. Three patients returned to their former job, 3 had no pain (pain score 0), 6 patients were not using any type of pain medication for the OBF surgery, and 1 patient was using medication for unrelated pain. Mean pain score was 3 (range, 0-8). Mean patient satisfaction score was 8.25 (range, 5-10).
Results using the 10-point scoring system by Peterson et al 14 showed that 4 patients had good or excellent results, 2 had fair, and 2 had poor results. Mean QuickDASH score HAND 12 (2) was 39 (range, 7-75). All patients, independent from their QuickDASH scores or 10-point scoring system results, were satisfied with their results. Results are shown in Table 4 . Three patients had uneventful recoveries and satisfactory results from the procedure. Complications were related to the severity of initial trauma. There were complications in 5 of 8 patients related to the OBF. The most common complication was soft tissue related (3): 1 patient needed multiple flaps for coverage and functional purposes, which resulted in chronic pain and deformities of the donor site; 2 other patients also needed flaps for local coverage after the OBF surgery. One patient fractured the OBF, needing revision surgery for refixation. One patient had postoperative infection, which was resolved with parenteral and oral antibiotics.
Discussion
The OBF procedure has been used as a salvage procedure for complicated forearm instabilities of a variety of etiologies. It has been used in the treatment of congenital deformities such as neurofibromatosis 11 and pseudarthrosis of the ulna. 5, 13 OBF surgery has also provided satisfactory results for patients undergoing tumor resection 15 and treatment for severe infection. 6 Note. OBF = one-bone forearm. The most common patient group that resorts to the OBF surgery is the posttraumatic group. 1, 14 The Mayo Clinic series 13 is the largest described with 19 cases, where 13 were traumatic. Special attention was given in this series to the posttraumatic group, which had higher complication rates and difficulties in the reconstruction compared with the other etiologies. The degree of initial injury was pointed out as the main determining factor for poor outcome, due to worse soft tissue condition and poor bone stock. These patients have higher prior infection rates and more previous surgeries. The Mayo Clinic group advocates aggressive initial care with extensive debridement, antibiotic therapy, and staged reconstruction with flap coverage if needed. Despite these complications, 9 of the 13 patients had excellent or good results by their 10-point scoring system. 14 We sought to determine whether outcomes were improved with improved understanding of these complications and newer fixation techniques.
The importance of the traumatic setting becomes evident in our patient population as well. All our patients had traumatic etiologies, and associated injuries such as neurovascular or tendon injuries were also common. Severe initial injury to the forearm due to trauma may define a more difficult reconstruction with less favorable functional results. Complication rates were comparable to the Peterson series, 62.5% in our series, compared to 69% in their series. 14 More than half of the complications were soft tissue related, needing flaps for coverage. These patients had a poor soft tissue envelope due to severe initial injury. Despite relatively high complication rates and low functional scores, we were also able to verify that these factors did not correlate with patient satisfaction. In our series, 4 of 8 patients had good or excellent results, and all of the patients were satisfied. In the Peterson series, 9 of 13 patients had good or excellent results, and all patients were satisfied regardless of clinical score, showing similar results.
In the series described by Jacoby et al, 8 complications were common, with 3 cases of nonunion, 4 cases of painful impingement, which resulted in various procedures after the OBF surgery, and poor functional scores. They concluded that the OBF surgery is a last resort procedure for chronically painful and unstable forearms. High complication rates were common in the 3 series, when the posttraumatic groups were considered. Pain scores in the Jacoby series were high (mean 7), in comparison with our series (mean score 3), and both series had low functional scores (mean QuickDASH scores of 77 in the Jacoby series and 39 in our series). However, patient satisfaction scores and results were satisfactory in all 3 series (mean score 7 in Jacoby series and 8.25 in our series). In both series, patient satisfaction was not necessarily related to high complication rates, pain, or low functional scores.
In our series, all but 1 patient had bone graft during the OBF procedure. This may explain why no nonunions were observed, as opposed to the Peterson series, which presented higher nonunion rates than previous series. 4, 14 Peterson had already emphasized the importance of bone grafting for bony union. It seems use of bone graft during OBF surgery is of great importance for obtaining bony union.
The case series reported by Allende and Allende 1 did not show complications described in other series such as nonunion, infections, hardware failures, or fractures. Their only minor complication was hardware removal because of irritation. They explained their satisfactory results by reaffirming what had been discussed by Peterson et al: aggressive debridement and bone grafting. They also reported that all their patients had excellent or good results and most returned to their former occupation.
In our series, a variety of surgical techniques were used. Most included combined approaches and the most common location of fixation was the middle third of the forearm (5 patients). Different fixation techniques were used, mostly using plates, showing preference for stable constructions. The use of bone graft seems to be the preference of most, as all but 1 had bone graft. All modalities of bone graft seem to be effective, as all patients who used bone graft achieved union. Fusion position was equally divided between neutral and slightly pronated, which is recommended by many authors. 3, 10, 12, 14, 18 Fusion position did not seem to influence QuickDASH scores or patient satisfaction rate.
Objective results evaluated through the 10-point scoring system show that half of the patients had good or excellent results, with no apparent correlation with QuickDASH scores or patient satisfaction. In our patient group, the OBF surgery showed satisfactory results in pain control. The mean pain score was 3, and 3 patients were painless.
We recognize the limitations of this study: the retrospective nature of a rare surgery, as well as patients lost to follow-up. Twenty-two patients were eligible for interview, but 14 were excluded for various reasons, which corresponds to a large part of the group. This might have influenced in the result, as we do not know whether these patients were satisfied or what their results of scores would be.
Results show that patient satisfaction is not necessarily related to functional outcome, reflected by the QuickDASH scores. The mean QuickDASH score was 39, yet all patients where satisfied with the result. This could be explained by the fact that all patients were aware of the severity of their presurgical states: All had severe wounds that were clearly difficult to reconstruct or had complicated and multiple interventions previous to the OBF surgery. Patients were well aware that the OBF surgery would be a salvage procedure.
OBF surgery remains a salvage procedure for complicated cases of forearm instability. Indications are not clearly defined, and results are still very variable. In our series, this procedure presented good overall patient satisfaction and pain control and appears to be a satisfactory option for limb reconstruction and preservation in complicated cases without many alternatives.
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